Objective To investigate the eff ect of Comprehensive Hand Repetitive Intensive Strength Training (CHRIST) on upper limb function in children with cerebral palsy using motion analysis. Method Th e subjects in this study included 19 children (10 males, 9 females, mean age=8.8 years) with cerebral palsy. Th e experimental group (n=10) received CHRIST and general rehabilitation therapy. Th e control group (n=9) received a home program as well as general rehabilitation therapy. Both groups received30 sessions of CHRIST or home program training for 60 minutes per session 3 times a week during the 10-week period. The reaching movements were captured by a motion analysis system. Kinematic variables including movement time (MT), mean velocity (MV), normalized jerk score (NJS), mean angular velocity (MAV) and normalized jerk score of the shoulder, elbow and wrist joint with comfortable and fast speed were analyzed between groups and the pre-post training group. Results After pre-and post-training experimental group, MT, MV, NJS, MAV of shoulder, elbow, wrist and NJS of elbow and wrist improved significantlyin reaching movement of both comfortable and fast speed (p<0.05). However, After pre-and post-training control group, MV improved significantlyin reaching movement of only comfortable speed (p<0.05). Between two groups, MT and MAV of the elbow at comfortable speed and NJS of the elbow at fast speed were statisticallysignifi cant (p<0.05). Conclusion CHRIST proved to be an effective intervention for improving upper limb extremity function of reaching movement in children with cerebral palsy.
INTRODUCTION
Cerebral palsy is a developmental disability with symptoms of restriction on motion, posture, and activities due to non-developmental physical changes followed by diseases that occurin the brain of children who are physically growing. 1 Cerebral palsy disables the control of contraction and relaxation of muscles. Th is makes the ac-www.e-arm.org tivities of daily living diffi cult, resulting in the exertion of greater physical strength for any movement compared to normal people. In particular, patients with cerebral palsy of hemiplegia or quadriplegia experience disorders of the upper limb, and experience diffi culties in using their upper limbs routinely.
Patients with cerebral palsy need steady upper limb training because cerebral palsy may lead to muscle contracture and functional deterioration. Treatments for enhancing upper limb function are based on a range of motion exercise, 2 neurodevelopment, oral medication including baclofen, and injection such as botox injection. 3 As for other treatment, constraint-induced movement therapy (CIMT) 4 that repeats functional motions using specifi c and an approach method of exercise learning are currently utilized. Considering that a weakness of muscular strengths of children with cerebral palsy is one of the important reasons infl uencing motorfunction, enhancing muscular strength is a major treatment for motor performance. 5 According to one study, it has been reported that training to intensify muscular strength especially on the lower limbs is effective in enhancing walking function. 6 Lee reported that comprehensive hand repetitive intensive strength trainingis effective in enhancing the function of the upper limbs and muscular strength. 7 Butler has reported that experience-oriented proof of verifying treatment with introduction of neurology enhanced function of the upper limb is insuffi cient. 8 Chang and others have reported the comparison of the speed of motion, criteria of physical strength, and normalize jerk score between normal children and children with cerebral palsy. 9 However, there are only a few studies onenhancement of upper limb functions in children with cerebral palsy through active physical training of the upper limbs. In addition, there are no trials that have objectively suggested the result through motion analysis. Th is study is intended to apply comprehensive hand repetitive intensive strengthtraining (CHRIST) objectively and quantitatively, proposing its eff ects through motion analysis.
MATERIALS AND METHODS

Study Subjects
With cooperation from the hospital and social welfare center, children diagnosed with cerebral palsy were recruited for this. The ages of children with hemiplegia and quadriplegia among cerebral palsy were restricted to between 6 and 13, targeting those with normal communication skills and cognitive functions. However, children with a history of orthopedic surgery or any other operations held 6 months prior to conducting the study, or with damage of the musculoskeletal system including fracture of upper limb and contracture, or having undergone administration of medicine influencing muscular strength and spasticity were excluded from this study.
A total of 19 children were recruited finally, including 10 boys and 9 girls. The average age was 8.8 years. The average height was 125.3 cm, and the average weight was 24.4 kg. Ten of them suff ered from hemiplegia, whereas the other 9 children had quadriplegia. Using a table of random numbers, the children were randomly divided into two groups. Th ere were a total of 5 boys and 5 girls in the experimental group with an average age of 8.6 years. Their average height was 123.8 cm, and average weight was 24.2 kg. Five had hemiplegia, whereas the other fi ve had quadriplegia. Th ere were a total of fi ve boys and four girls in the control group with an average age of 9.1. Th eir average height was 127.0 cm, and average weight was 24.4 kg. Five of them had hemiplegia, whereas the other fi ve had quadriplegia. There was no statistically significant difference between the characteristics of the study subjects for the two groups (p>0.05) ( Table 1) . 
Study method
Ten children classifi ed into the experimental group had comprehensive hand repetitive intensive strength training for 60 minutes per session, three sessions a week, at a total of 30 sessions per ten weeks. Comprehensive hand repetitive intensive strength training included treadmilltraining for the upper limb with body weight supporting the using upper limb. The posture of an arm swing was to maintain the joints of the elbows and wrist as much as possible, and the shoulder joint was allowed to be fl exed by 160 degrees. Th e posture of the arm stance supported the weight using metacarpal heads, hands, and elbows, and the shoulder joints were allowed to be flexed by 90 degrees. By maintaining the posture of the quadruped by repeating this posture, the abdomen and weight of the lower limb were supported using a support board under the abdomen (Fig. 1, 2) . In order to maintain posture, the therapist observed the study subject next to them, helping them maintain the correct posture if needed. They showed videos in which children linkedto watch or play music that they could concentrate on the training for 60 Five children classified into the control group were given instructions for 60 minutes per a session, three sessions a week, at a total of 30 sessions per 10 weeks by creating a home program, which consisted of a total of 8 exercises that enhanced the muscular strength of the upper limb including thetriceps brachii and extensor carpi radialis, and conveyed an eff ect of reaching the muscles out.
This exercise consisted of shoulder extension muscle, elbow flexion muscle, shoulder abduction muscle, and elbow extension muscle strengthening with a theraband, as well as hand grip, forearm fl exion and extension muscle strengthening with towel, hand grip and wrist extension muscle strengthening with a velcro board, wrist extension muscle strengthening with sandbag and shoulder abduction-extension muscle strengthening with a theraband (Fig. 3) .
Motion analysis of the upper limbs was evaluated by using an 8-camera (VICON, Oxford, UK). Th e estimation method reached out to the upper limb after attaching 24 VICON NEXUS upper limb model on the upper limb of children with cerebral palsy before and after a total of 30 sessions of training to analyze the motion (Fig. 4) . Each child was seated on the chair and desk, which were adjusted according to the height of the children with cerebral palsy, and the posture of the upper limb was vertically maintained with the ground, with 90 degrees elbows flexion so that the palms were maintained parallel to the ground. In addition, the wrists were maintained in a natural posture so that the line of wrist articulations was consistent with the edge of the desk. Maintaining this posture, the left and right upper limbs were reached out fi ve times with a convenient speed and fast speed to perform the motion analysis. During this procedure, movement time, mean velocity, normalized jerk score, mean angular velocity of shoulder, elbow, and wrist at a comfortable speed and at fast speed were estimated, comparing the experimental group and control group for mean angular velocity for each shoulder, elbow and wrist.
Movement time (MT) refl ects the speed of reaching out, and mean velocity and mean angular velocity (MAV) of each articulation refl ect the degree of strength of reaching out. Th is is a value of maximum average velocity when the angle of each articulation becomes widened or narrowed when reaching out, which indicates torque power of articulation. Normalized jerk score (NJS) 9, 10 indicates smoothness of reaching out, using thetime and distance that VICON NEXUS upper limb model has moved via routes in three dimensional space, indicating the nature of behaviors. As the value becomes smaller, the movement of VICON NEXUSupper limb model is more natural and not shaking.
Statistical analysis
A Wilcoxon test was conducted to identify differences between before and after treatment for both groups. In order to identify differences between the two groups, a Mann-Whitney test was conducted on the changed amount to identify the difference between the two groups.
RESULTS
In the comparison of motion analysis before and after conducting training, the experimental group showed a signifi cant diff erence in the movement time of comfortable speed and fast speed, mean velocity, normalizedjerk score, mean angular velocity of wrist, shoulder, elbows and normalized jerk score of wrist on reaching motion (p<0.05) ( Table 2) . Control group showed a significant diff erence only for mean velocity of comfortable speed on reaching motion (p<0.05) ( Table 3 ). Both the experimental and control group were estimated with mean velocity and mean angular velocity of shoulders, wrists, and wrist faster at the fast speed than in the comfortable speed.
In the comparison of motion between experimental Fig. 4 . Th e experimental setup of the motion analysis.
www.e-arm.org and control groups, there was a signifi cant diff erence in the movement time, angular velocity of wrist of comfortable speed and normalizedjerk score of elbow at fast speed (p<0.05) ( Table 4) .
DISCUSSION
Th e Comprehensive Hand Repetitive Intensive Strength Training (CHRIST) program is designed by Lee et al., 7 and provides special training for enhancing muscular strength of the upper limp using a treadmill. In this study, the treadmill device designed by Lee et al. was modifi ed to support the weight of the study subjects in a more stable way and was adjusted according to the physical condition (Fig. 1) . Muscle strengthening training is known for a specifi c training to children with cerebral palsy without an increase of spasticity and other side eff ects. 5, 6 In addition, among many other methods of estimating the capability of exercising, motion analysis has the advantage of quantitatively estimating and comparing kinematic vari- Th is study was intended to identify how comprehensive hand repetitive intensive strength training infl uences the reaching motion on activities of daily living relating to the upper limbs of children with cerebral palsy through motion analysis. In general, reaching out an upper limb actively determines the location of hands, and moving the hands near that location to interact with the surrounding environment. Such motion is a basic but important motion of the upper limb as an activity of daily living including eating, opening or closing the door, or pressing a switch or operation button. Children with cerebral palsy are prone to experience diffi culties in reaching upper limb out due to spasticity. Therefore, an evaluation of reachingout effectively determines changes of upper limbs after rehabilitation. 11 Th is is because an analysis of reaching out motion conveys an objective knowledge as to movement velocity, criterion of the strength, and normalized jerk score of the upper limb. 12, 13 This study conducted comprehensive hand repetitive intensive strength training for the experimental group, and used the home program for the control group to evaluate kinematic variables of the two groups and compared diff erences before and after for these two groups. A comfortable speed selected by the study subject was separately applied with the motion of moving with a speed as fast as possible for evaluation. Here, the reaching out motion on activities of daily living refl ected naturalness and functional ability of the upper limb. However, a reaching motion at the fast speed reflects the maximum allowed torque power of articulation and a degree of strength in upper limb function. Smoothness of the movement can be utilized as a good index to measure a degree of spasticity for normalized jerk score of the motion. Normalized jerk score 9, 10 indicates smoothness of the reaching out motion, derived via a formula of NJS= where γ′′′ of the formula is a third time derivative of position data, a value differentiated three times for the location data on the time that indicates a jerk of acceleration of unit time. t is a movement time, while l indicates the amplitude. In this study, it was confirmed that the normalized jerk score at the comfortable speed was lower than the one at the fast speed. Th is indicates that the motion of reaching upper limb out is more natural at the comfortable speed than at the fast speed, showing that spasticityincreased at the fast velocity. On the opposite, mean time and mean angular velocity of shoulders and wrists were estimatedfaster than those at comfortable speed. The degree of strength at fast speed and torque power of articulation increased more at speed velocity than fast speed. www.e-arm.org From the result of motion analysis of before and after in each group, the experimental group showed a signifi cant difference in the movement time of comfortable speed and fast speed, mean velocity, normalized jerk score, mean angular velocity of wrist, shoulder, elbows and normal jerk score of wrist on reaching motion (p<0.05). However, there was no signifi cant diff erence in the normalized jerk score of shoulder while moving (p>0.05). This reflects a training characteristic that puts priority on the elbow and wrist. In addition, derivation of proper posture and intensification of muscular strength of wrists through comprehensive hand repetitive intensive strength training can be be effective on the movement time for the upper limb, torque power of the wrist, and normalized jerk score of the wrist while moving. The group that underwent the home program showed a significant difference only on the mean movement time at comfortable velocity (p<0.05). Such a result suggests that the home program improves muscular strength, infl uencing movement velocity, but did not infl uence the angular velocity of articulation and normalized jerk score.
The difference between the experimental and control group showed a significant difference since a reaching motion improved only for movement time at comfortable speed, angular velocity of wrist, and normalized jerk score of wrist at fast speed (p<0.05).
There were a few limitations in this study. First, the study was conducted only using the motion of reaching out of the upper limb. Among motions involved in activities of daily living, many other motions including bringing hands to mouth or moving hands over the heads were excluded but only considered a motion of forward in order to touch for this study. Th ere should be an objective and quantitative study on the motion analysis via various motions occurred on activities of daily living. Second, a difference of electrical activation for the muscle of the upper limb could not be analyzed. When analyzing the muscle electrical activation while reaching out, detailed changes of each muscle can be understood, and may be available to suggest correlations of movement and muscle activation from comprehensive hand repetitive intensive strength training. Th ird, tools specially designed for comprehensive hand repetitive intensive strength training were defi nitely helpful for training of the upper limbs of children with cerebral palsy, but at least one therapist was required to correct posture during training, taking 60 minutes of training time, which requires tremendous efforts by the therapist. Tools specially designed for the training had to be modifi ed in order to conduct eff ective treatment in the future.
CONCLUSION
In this study, a total of 19 children with cerebral palsy were selectedto undergo comprehensive hand repetitive intensive strength training and general rehabilitation 30 times in ten weeks on ten children in the experimental group. However, nine children in the control group were given home-program and general rehabilitation, comparing the reaching motion at a comfortable speed and at a fast speed through motion analysis. The difference between before and after treatment of each group was compared. The group that received comprehensive hand repetitive intensive strength training showed a signifi cant diff erence for the motion of reaching hands out both at comfortable speed and at fast speed since movement time, mean velocity, and normalized jerk score of upper limb were enhanced after having a training. This objectively confi rms that comprehensive hand repetitive intensive strength training is a treatment that is helpful toenhance upper limb movement of the elbow and wrist. Th is highly suggests utilizing comprehensive hand repetitive intensive strength training as a rehabilitation treatment that enhances capability of exercising for upper limbsof children with cerebral palsy.
